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PREFACE

Thisseport was prepared by Dr. Debra A Meese, Research Physncnl Scientist,and J ohn V. Govons, Physical Science Technician, of the Snow
Iee Branch. Research Division, U.S. Ammy Cold R R h and E: g Lab
Komarovskiy, Vasily Shilmhov and Andre Zacheh of me Arcuic and Antarctic lnsmlulc in Leningrad The data for ihis report were obtamned 1
the Winter Weddell Gyre Study- 89 (\WWGS-89) from the Soviet icebreaker Akademik Fedurov The authors thank the Chief Suientist Nk
Bagnantsev, the captamn and the crew of the Fedoroy. Special thanks go to the ice scientists from the Arctic and Antarctic Institute i Lemng- i)

their support and for providing copses of thear ice maps for this report.

Weekly ice extent maps were provided by the Naval Polar O graphy Center, D of the Navy
This research was supported by the National Science Foundation through gnm DPP#SS 12728.
The contents of this report are not to be used for ad g Of P purp Citation of brand names does not constitute an . f%,

endorsement or approval of the use of such commercial products.
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DEBRA A MEESE, JOHN W GOVONI, VLADIMIR CHURUN, BORIS IVANOV,
VICTOR KOMAROVSKIY, VASILY SHILNIKOV AND ANDRE ZACHEK

INTRODUCTION

The data for this report were obtained dunng the Winter Weddell Gyre Study-"89 (WWGS-89)
from the Soviet wcebreaker Akademik Fedorov. This study took place between September and
November 1989 in the Weddell Sea, Antarctica Several imes each day throughout the cruise, we
took notes on the ice condttions that the ship was passing through at that time These notes included
1ce congentration, thickness, ice type, amount of nidging, number of icebergs in the area and other

h h 1stics, Inadd

g photos of the area were taken and are included in the next

section,

During the cruise a Soviet ice scientist was stat.oned on the briage 24 hours a day to compile
detaled ice observation maps These maps contain mtormation tor every mile of ice that was passed
through duting the crurse, including ice thickness, type and concentratton, icebei g size, number and
type. and the extent and <1ze of leads. A following section consists of copies of their maps

Every 30-60 mules duning the cruise we would stop for an 1ce station where ice cores and water
samples were taken for physical and chemical studies, rce thickness grids were dlled, and optical
measurements were made At each site Dr Shilmkov from the Arctic and Antarctic Institute
compiled an 1ce map of the station, including wind direction and speed, air tempelature, ice type,
ice thickness and other characteristics of the area “opies of these maps are found in in the I ¢ Station
Maps secuon

Also presented hete ate daily satellite photos of the area the ship was tavaising Thioughout the
crusse these photos provided the ship’s crew with information regarding sce conditions that the ship
would be encountering

The final section consists of weekly 1ce extent maps of the Weddell Sea obtamned from the
National Oceanogiaphic and Atmospheiic Admimistiadon (NOAA) upon oui ietumn to the U S

This iepoit contams a complete observational analysss of the ice Londitions encounieied duing
this study n the Weddell Sea

ICE LOG AND PHOTOGRAPHS
17 September 1989 (day 260) 1100 hours
57°2066'S,37°2067 W

Heading 159
£nst 1cebergs visible

Figure I Tabular weberg on 17 September

Sea Ice Observations From the Winter Weddeli Gyre Study-'89

18 September 1989 (day 261)
0921 hows
58" 5353'S,36°0797'W

Heading 2137
No 1ce visible yet

1833 hours
Stillno e Iue cdge appeart to bu rcticating fastes than we wie fig
begun ollecting water sample + at the suifac, 50 and 100 m Jepi
major ton analyses

2300 hours

58°48 34'S,35' W
Hitice edge No pancdke fields vistble Thin e 15-30 ¢m theek

19 September 1989 (Dey 202) 0900 hours

60° 59 54'5,33°3671'W
Heading 131

90% 1w voneentiatiuli - 3 Ulday, thicka e 10 vpen witliie w
60 ui thack Algae m all List-yean ted alawst o ihe snow line

Frew 2 Ve vonny o 1o on 195




dunng the Winter Wed4ell Gyre Staddy-"$9 (WWGS-59)

st was stationed on the bridge 24 hours a dzy 1o compile
contain information forevery mle of icc thas was passed

Dr Shilnikov from the Arctic and Antarctic Instinute
ding wind d and speed. atr temp ice type.
¢earea Copiesofil.ese mapsare found innthe fee Station

otos of the area the ship was traversing Throughout the
. with inf ding 1ce cond: that the ship

&

ice extent maps of the Weddell Sea oblained from the
i Admimstration (NOAA) spon our retum 1o the LS.
atronal analysis of the 1ce d denng

4

far 1ccherg on 17 Seprember

Sea Ice Observations From the Winter Weddell Gyre Study-"79

DEBRA A MEESE, JOHN W. GOVONS, YLADOZR CHUKUN, BORIS T% AN
VICTOR KOMAROVSKIY, VASILY SILNIXOV AND ANGRE ZACHEX

18 Septermber 1599 (dxv 261)
0921 kovers

58" 5355 S.36"G19T W
Hex&ess 2137,

1833 booers

Stillno iz ke edgr ppexiw be s Eaaey te we s becaense of wrads. We kave
begzn collectzzg wases sxzmple s il saxfaue. S0 saxd 100-23 depes for chlocopiyil Sent 2od
maor jon axlyses.

2300 bewirs

5§ 48318535 W

Hit xe edge. No paaabe (edds ot Tem o i5-30 om ek,
19 September 1939 (Day 262) 0500 bours

60° 59.54°5,33°36T1 W

Heading 131.

e K OMCTET A — o« bitr thsios he oW ¢ fen aithnew st forming. Fint-yean xe i 10-
60 em thick Algac m ol fir-;cai roo atinaed Lo the snow line.
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oF K% on 19 Sepicrder.

Figre 3. Ice

20 September 1959 (day 263) 0630 bours

62° 1LII'S. 31 16.16'W

Heading 117.1.

Foggy with bioamng st . Foliow iz kad. ke sancs from thack, older e (20cmy with 10- S0cm
snox (withaiol of slgac) lo thinner ice of 2-100om with 2-Scmsnon. Very rapdchangesbetween
thin, new sce 26 ery thick, older sce, with equal amounts of spow 2nd ice. Large leads inarea. Jee
balls of all s1zes in open keads.

Figure 4 Ice balls in a lead on 20 September

21 September 1989 (day 264)
1125 how s

63 3869 §,287 3065 W

Heading 94

Smiali ndses following open lead 90< ice concentration 150150 cmy, $% open water, 5% thin
rew ie relrozen leads 3 4 am thich Algae present an bottorn havers of thicker ice Some of the
Hrcher cocentams o vt fasers Spow conver s M5 S om thick

Figure § Ice concentation of 3 e . 2s
1245 korrs

63 48.03'S,28° 15.45°' W
lec is 1 m thick with 20 em of snow. Ve Jathe alis fuene: t 1

23 September 1989 (day 266) 1130 hours
66" 18.61 S, 23° 3350 W
Heading 156.3.

Tecis 30 emto § mthick, with vible bayery Nut s fiaunh i
saow that is sery compact. Gomng thrcugh area of exteran., «

Figure 6 Ridges and leads i ik 1o pack

23 September 1989 (day 267)

67726000 S, 20 5904 W
99% concentration Some smslh dec 1o by
heay nidoing
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~reaton of 90% on 1S September.

Hal

bd 1o vanes from thsck, okder ice (20 cm) with 10-50 cm
> 10cmuith 2-5cmsnow. Very rapi changes betwcen
1, exgual amounts of snow and ice. Large leads inarea. Ice

1 inalead on 20 September

« copcentration (50-150 cm). 5% open water, 5% thin,
3o prosent m bottom Jayers of thicker ice Some of the
F v coves s S0 omthick
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Figure 8. Ice concertration of 9% on 21 September.
1245 hours

63°38.03'S,28° 155" W
Ice is 1 m thick with 20 cm of snow  Veeny hLutle algac present. Ice has mars wisible lyers

23 September 1989 (day 266) 1130 houss

66°1861°5,253° 33.50 W

Heading 156.3.

Jee :s 30 cm to 1 m thick, with visible Jayens Not as much algae as previously seen 20-30 cm of
snow that is very compact. Going through area of extensiv¢ leads and ndging
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Figure 6 Ridges and leads 1 the we pack on 23 September

24 September 1989 (day 267)

67726000 §,20" 5904 W
99% concentzation Some small ndpes ke h
heavy ndging

s approatmate v 80 cm Connng nto area of




Figure 7. Smail ridges on 24 September.
25 September 1959 (day 268)
1300 hours
67°5171'S,18°47.75' W

100% concentration. 5~10 cm snow, 40-50 cm ice. Fairly heavy ndging. Snow and 1ce thickness
increasing to approximately S0-70 cm ice and 40 cm snow
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Figure 8 Ice concentration of 100% on 25 September
1700 hours

67°5024'S, 18°2398' W
70% concentration 20% new leads, 10-20% breccta 10-20cm snow and 10-60¢m e 40% nidges

Figure 9. Ice concentration of 70% on 25 Se

26 September 1989 (day 269) 1130 hours
67°41.82'S,17°1399' W

100% ice concentration Snow 10-20 cm, 1ce 20-50 cm Some nd
27 September 1989 (day 270)

0900 hours

67°18.07'S, 14° 58 70' W

95%¢ Floes are app Iy 1 km withndging i b.
cmto I mofice Little visible algae
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Figure 10 ke concendaation uf 95 « with vidges haw, n
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'l ndges on 24 September.

Yemice Fairly heavy ndging Snow and ice thickness
and 40 cm snow.
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§ration of 100% on 25 September
|

l

bicweta 10-20cmsnow and 10-60cmice 40% ndges
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Figure 9 Ice conce of 70% on 25 September.

26 September 1989 (day 269) 1130 hours

67°4182'5,17° 1399 WV

100% 1ce concentration Snow 10-20 cm, ice 40-50 cm Some ndged arcas
27 September 1989 (day 270)

0900 hours

67°1807'S, 14°58 70' W

95% Floes are app
cmto 1 mofice Little visible algae

1y 1 km with ridging i between 10-60 cmsnow and 10

Figure 10 lee concentiation of 5% with 1.dges between floes on 27 September




1500 kowrs

67°0791°S,13*30.12’ W
98% concentration, Snow is 2030 crn, ice is 50 cm to 1 m. Heavily ridged anea. Newly formed
pancakes in Jezd.

Figure 11 Newly formed pancakes in lead on 27 September
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Figure 12 Heavily ridged area on 27 September

28 September 1989 (day 271)

0845 hours

66°5210'S,11°2794'W

Fuggy, vistbility 1UU- 200 m Thin (st yea e, 2U-00 wity Stiuw is 20- 30 em lee s lageied Lo
visible algae

1820 hours

66°3821°S,10° 11 14 W

99% concentration Snow 1 approximately 20-30 cm thick and the 1ce 15 60-70 cm New first-year
L ice 25% ndged and breccrated One berg viable

29 September 1959 (day 272)
1515 hours
66 19.05'S,07% 20.15° W

Jee is €6-C0 cm with 0-20 cm of snow. Little visible algac. Follo!
emand very ridged.

Figure 13 Following lead o1 29 Sc v

1940 hours

66°1048'S, 06° 44 36' W
Concentration 1s 80% Ice 15 50 cm to I m thnk Snow 1s cor pg

30 September 1989 (day 273)
0954 hours
65°5988'S,04°5478' W

Ice concentration 15 60% thich 1ce Al leads bave 2 W un il ne
floes are 50 cm to | m with 20-30 cm of snow LU 20 sidpin,

vily




. 1c¢ is 50 cm 1o | m. Heavily ridged arca. Newly formed

4 ‘rmed pancakes n lead on 27 September

vily ridged aiea on 27 September

S . alm e e e Whom foe s layered ae

el 20-30 cm thick and the ice 15 60-70cm  New first-year
1o visible

29 September 1989 (day 272)
1515 kowrs

66° 19.05'S,07°30.15°' W
Ieeis 60-90 cm with 0-20cm of snow.. Little visible algae. Following lead. Fisst-year ice is 10-20
cmand very ridged.
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Figure 13 Follewsng lead on 29 September
§940 hours

66°1048'5,06° 4436 W
Concentration 15 80% Ke s S0 cn 10 L m thick Snow 1s compact and between 40-60 cm

30 September 1989 (day 273)
0954 hours
65°59.88'S,04°5478' W

Ice cepventraton 15 60% thick ice All leads have 2 10 v of tue with 10% open patches Thicker
flogs.are 30 cinto 1 m with 20-30 cm of snow 10-20% ndgng Have been followmy leads
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Figure 14 Lead with new we on 30 Seprember
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1252 kours
§5* $2.08'S,04° 2024 W
Visitikity poos b of fog and blowing snow. Ice thick ranges from 60cmto 1 m. Snow is

20-40 em acd 1s contpact. Small Iead visible from ship, otherwise no open water.

1718 ours

65° 4545'5.03° 3215’ W

Four sastDiey iic conuemmii s dpproamate’y 100% Iue is 50-70 o thick and snow 12 0 ’n

cmthick.

1 Dctoher 1989 (day 274)

1033 hours

65° 2417 S, Ci° 1469 W
A _masitteaien Thin finst-yeer ive of 10-20 um Snow is 1-5 um thik Light ndging in area

1630 hours

e
BETRS

Sat R N
Fugure 15 Thin fisst-year we and leads on 1 Octobei 1989

63° 1602’ §,00" 35.71'W
Following leads 70% 1ce concentration Ten or more bergs vistble, Thin first-year 1ce of 5~30 cm
with 2-§ cm snow Some minor nidging.

s

- N e e

Figure 16 tcs bergs visible in area on 1 October

2 October 1989 (day 275)
1251 hours
65°02.45'S,02° 46.19°E

90% concentration Thick ice of 50-90 cm with 30 cm snow Thicld
at the boitom Pancake ice n leads. Two bergs visible.

sno!
le fi

Tizd.

Figure 17 Pancake ice inlead on 2 Octo|

1325 hours

65°05 23'S.02°3779'E
607 concentiation Followmg leads

1525 fowr s
65°2129°S,02°1355'E

90+ concentration Young ice between 30—~0 em with 0-5 ¢~
visible

e oany

MRy

Figwe 18 Breccuted nideed e on 2 O
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snow. [ce thickness ranges from 60cmto 1 m. Snow 1s
le from ship, otherwise no open water.

e 0I0% fee s 50-70 om thick ane snow 1 B 1

Sunahgaingd

u-20cm Snow is 1-5cm thick Light ndging in area

R - SR . Wi o §

At
Sarr s s !

Y

Rt ie und leads on 1 October 1989

n o+ more bergs visible Thin first-year ice of 5-30 cm
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i
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25 vistble i area on 1 October
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2 October 1989 (day 275)

1251 hours

65°02 45'S,02° 46.19°E
90% concentration Thick ice of 50-90 cm with 30 cm snow. Thicker ice has a 10-cm algal layer
at the bottom, Pancake ice in leads Two bergs visible

Figure 17 Pancake ice in lead on 2 October

1325 hours

65°0523'S,02°3779'E
60% concentration Following leads

1525 hours
65°2129'S,02° 1355'E

90% concentration Young ice between 30—40 ¢m with 0-5 cm snow Very brecciated Four beigs
visible

cown g o

G,

Figure 18 Brecciated 11dged we on 2 October




1845 hours
65°26.99'S,01°53 59'E

bergs visible

3 October 1989 (day 276)
0930 hours

66°1899'S,00° 1767 W
Heading 217

(approximately 30%) Four icebergs visible

95% concentrauon Heavily nidged area lue 1s approximately 60-70 cm with 5~10 um snow Ten

85% concentration Mostly thin, new 1ce of 5-10 ¢m with 1 ¢m snow Thucher 1ce 1s brecciated

1740 hours

66°3353'S,00°5298' W

4 October 1989 (day 277)
0750 hours

66°3168'S,01°54 13 W
Headng 346

ndged One berg visible

Figure 19 Thin, new e suriounded by older, biecuated e vn 3 Ouivber

Li st visibility pout Fut dppruaiuaicly ihe last livus have been goug thiough upen watei ot very
thu lee Now inive U~ om with 5 onishow Sutie 1idgimg and leads visible

95% concentration Young first-yeer ice of 3040 cm with 2-5 cm snow  Approamately 30%

Figure 20 Thin first-year ice with extensn e ridgugble
1430 hours
ta
66°0582'S,02°0200'W {sg
Heading 336 &
e
90% concentration Thick sce of 60-80 cm with 40 -50 un siivw GE
with 10 cm snow More algae visible here than scen m i fast co s ;
leads .4
-5
ok
S Octobes 1989 1day 278) 1630 bow » ’
A
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B 11A2 S 02 07 ul W "
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Heading 214 5%
80% concentaton Thick ndged the ol 1 _we e s
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Figure 21 Large. tabular tcebery on > (
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h n« approximately 60-70 um with 5-10 cm snow Ten

ks of 510 cm with | cm snow. Thicher ice 1s brecciated
ble

oo vied e o Ocober

Cona b Bect cotg Hieough et w i bor ety
st ol and foads dtble

2 of 3040 cm with 2-5 cm snow  Approximately 30%

Fagure 20 Thin first-vear ice with extensive ridging on 4 October
2430 howr,

66°0582'S,€2°0200' W

Heading 336

90% concentration Thick ice of 60-80 con with 40-50 un snuw Thin e neat leads of 3010 cm
with 30 cm snow, More afgae visibk hote that scen i the last Couphe 11 days Some patwakes 1n
leads

5 Octuder 1989 (day 278) 1630 hours

6571142 5,02°07 94' W

Healing 2v4

80% sonceatratiul Theck, dged Hues of L 2 auwah WU cni ot siow, suivunded by thin, new e
of 1-2 em . p to 16 *Gcm with 5 e snow
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6 October 1989 (day 279)

0830 hours
65°4247'§,01° 5742’ W
Heading 1358

100% concentration Ice 15 40 cm to 1 m with 10-30 cm snow Approxmmately 60% 1s ndged or
breccrated

1100 hours

65°46'S,01° 50' W
Amve at mesopolygon

7 October 1989 (day 280)

0900 hours

65°5201'S,01°5150' W

Heading 153

Foggy, no honzen, visibility bad

1617 hours

65° 56 88'S,01° 5060' W

Heading 156 6

On station since 1030 Large cracks and leads opening up port and starboard Large lead from stem
around port side

8 October 1989 (day 281) 1440 hours

66°0402'S,02°0245' W
Fuggy. windy Vistbility very poor Cannot see leads

9 October 1989 (day 282)
0830 hours

65°5985'S,02°2845 W
Stuint 15 uvel, sunny day Leads suniounding ship between Luand 15 hm

Figuwe 22 Mesopulygon uftei stuim on 9 October Muny leads hud vpened up wiound the ship

1945 hours

66°05.20°S,02° 3549 W
No visible changes

10 October 1989 (day 283)
0900 hours

66° 11.39°S,02° 49 78' W
Overcast Leads appear to be closing somewhat, but difficult to judd

\

2100 hours

66°1403'S,02°5791'W

Crach from bow to lead on starboard side opened atnoon Everything f1
opening that are not visible because of thick snow Crack opened from
the way to the lead behind the ship

11 October 1989 (day 284)
0815 hours
66°1696'S,03°03 13' W

Crach from bow to lead on starboard side 15 larger (approxmmately 20 ¢
causingittorefreeze Ice floe stattingtocloseupCTDhole Mayhavet

'
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o
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Figuwre 23 Leads surrounding ship on 11 O«
1930 hours o

66°2111'S,03°2884' W
No visible changes

12 October 1989 (day 285)
0820 hours
66°1428'$,03¢ 5509 W

Visibility poor Ship has moved 20 m trom last mght ke broken uy
dritted i Wall be ditticult W work vn e

[5S

1 W
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1th 10-30 cma snow. Approxmnately 60% 1s ndged or

et

§

i
/
\

7

Oc

;ls opening up port and starboard, Large lead from stem

Touk

i i) betaven fand 1S km

e v

L(Z( tober Many leads had opened up around the ship

1945 hours

66°0520'S,02°3549' W
No visible changes

10 October 1989 (day 283)
0900 hours

66° 1139'S,02°49.78' W
Overcast, Leads appear to be closing somewhat, but difficult to judge after snowfall last mght,

2100 hours

66° 14 03'S,02° 5791'W

Crach from bow to lead on starboard stde opened atnoon Everything flooding and very wet Cracks
openung that are not visible because of thick snow, Crack opened from stem of ship on port side all
the way to the lead behind the ship

11 October 1989 (day 284)
0815 hours
66°1696'S,03° 03 13''W

Crach from bow to lead on starboard side is larger (approximately 20 m wide) Snow blowmnginis
causingittorefreeze Ice floestartingtocloseup CTDhole May havetomove ship Visibility poor.

PO

Figure 23 Leads surrounding shup on 11 October
1930 hours

66°21 11'S,03° 28 84' W
No visible changes

12 October 1989 (day 285)
0820 hours
66° 1428'5,03° 5509 W

Visibility poor Ship has moved 20 1a from last night Ice broken up around ship Everything has
dnfted in Wili be difficult to work on 1ce




1545 hours

66° 10.75'S,04° 03 06’ W
Visibility has improved. Mi water dusthanbefore th Leadsand crack d

P

with snow and 1mpossible to distingmsh from thick ice. All ice 1s more flooded than yestcrday..

Figwe 25, Leads covered with snow, indi hutble from suryounding we vn 12 October

13 October 1939 (day 286)
0820 hours

66°04.71' S, 04° 11.89' W
Heading 146 1.

Wind has dropped and breakup seerns tw have stupped
1858 hours
66°00.13' 5, 04° 12.16°' W

Not much change since this morming. ke and snow hardening up. Snow bridges over cracks.
Difficult to determine what's what,

14 October 1989 (day 287)

0845 hours

65°5613'S5,04°1298'W
Sunny day. Ice conditions did not change much over night Six
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Figure 26, Six icebergs within sight of the ship

2053 hours

65°52:4'S,04° 18.89' W
Heading 149.4,
No visible chianges.

15 October 1989 (day 288)
0815 hours

65°49.38'S,04° 19.17' W
Clear with low grow 1 fog, Some new clacks Jnthe e one
stem and around port side, approximately 0.5 to 1 knu hom !

1840 hours

65°44.28'S,04° 16 54' W
Heading 147.3.
Lie conditions have aut chaiged suuch dudiing e Jay Lvud

16 October 1989 (day 289)

0830 hours

65°35.98'S,04° 18.77' W

Heading 146.8.

Bright sunny day. Lead on port sid2 of ship has closed up. TI
the shup. Starboard side of shiphas foan patvhes uf open watea o,
from 0 5-1.5 km in size.

1730 hours

65°31.65'S,04° 15.00' W
No change in ice condutions since this momung




13 Octodaer 1559 (&as 25T)
OS5 bonsrs
1 rcthan befoe th 1 et pmdcrzck g
isom thick ke, All ice is moce floodad e yestender, 657 S61F L 08 125w
Semwy oy koo comSeons &8 mig ehamnr e over sagid. Sov vl berpe
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P wtues o 0¥ ashe-
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[ Fizure 26 S oochers s wiiben, sk = e dapoa 14 Ocr ber 1959
. -
oL T 2053 kours
65°52.4°S,0¢ 1859 W
S L Heading 1494,
& - el No visible changes.
L b
- - . 15 October 1959 (day 288)
mam 5 L ’ 0815 hours
I 657 49.38°S, 04> 19.1T W
- Clear withlow ground fog Seaix e - vaser atin s o s s ihe bt ide, vix fiom the
- N - = ; stem and around port side. approaimnaleds U 3 v i bk v i Ship
- . - > 1840 hours
Lt . - 65 44.28'S.04% 1654 W
Head:ng 147 3
warensustubie from s ounding e on 12 October Tee conditions have a0t changed miact v dnc i d3v Leadob pont wde of ~hip has upenced

16 October 1989 (day 28))
0830 hours

657 3598°S,04° 1577 W

Hcading 146 8

Bnghtsunny day Lead on port b of haphas o dup There wenms o b a lasger leod behmd
e g theship Starboard side of shiphasfosrpatch ~ciopn 2atc-approximately - $hmawnay ihatrange
from 0 5-1 S hia i aze

1730 hours

Cb oo badontie up Snow bridges over cracks 657 3165°S 047 1500 W
No change in ke condos s 1ot ot

=t g mau—- —-«-—“h.‘




-t hon e st

17 Ocsder 1559 (2x3 299) 0738 Encrs

65" 2385°S, 05" 1043 W

1 P Entengie Cockeay Sebos rxlpedsEgirhy Pords A
peas o be fooea i ieg. Pod becizea.

Figure 27. Frozen pords on korizon on 17 October.

18 October 1959 (day 291)
0820 bours

657 21.05°S.04° 06.85' W

Heading 142.6.

ice condiions have changed ke since d:
agxin Ponds refreczmg.

Crch from starbozrd (0 outer kead has opened

1550 hours

6572559 8,037 4537 W

Left mesopolygon at 1330 beczuse the Polarsiern broke up the floe when she lefi. 100% concen-
“auon. 83« 1 thick ke of 50-70 am with U-3 cm snow. 15% is refrozen ieads of 2~13 am. Heavy
ndging covenng approximately 20% of the area exists. Two bergs visible

ittt i T e e T e ™
s o ey —— X
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Figure 25 Broaen tce and track lef by the Polarssemn 15 October

19 Octoder 15959 (&3 292)

+ 230 brars
64 1336 S.05" 3005 W ape
Headaag 295,
Fogzsy. viidilzy pocr. 1005 o e s spproniceachy $§__
W, b 0 ool dpar AN .

1815 &oars

64" 3087 8. 03" S321'W
Hrading 3299,

W% comentranos. ke o 10-S0vm wgh 3 10 om smom, ke .u,ﬂ'}
bergs visthie.
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Figure 29 lce comentranon of 0% vn 4 -

20 October 1989 (day 293)

1300 hours
63 1690'S.06° 25.66 W arst
80% concentrauion. lee is approximately 36—0om with &35 o
with layer of frazil—no pancakes visible

Faguie 30 Seap pollowing 1+ frozon teaa on 2o 1§~




19 October 1989 (day 292)

1230 bosrs

63" 44.36'S, 05" 50.13 W

Heading 298,

Fozzy. visibilay poor. 1005 son. fce is 2pproximately 50-80 cm with 10-30 cm snow.
10% ridging. Little algae visible.

1815 kours

61* 3087 5,03 5321'W

Heading 329.9.

T0% concentrztion. Joe 1 10-50 cm with 5-10 cm snow. Jue o approumatcly 0% ndged. Two
bergs visible.

vnds on korizon on 17 October.
sterday. Crack from starboard to outer lead has opened Figure 29 Ice concentration of 70% on 19 October
. 20 October 1989 (day 293)
1300 hours

arstern broke up the floe when she left 100% concen- 63°1690° S, 06° 25 66’ W

Jumsnow 13% isrefrozen leads of 3-15 cm Heavy 80% concentration Iue is approximately 3040 m with 0-5 cmisnow Leads are about 50% of area
¢ area exists. Two bergs visible with layer of frazil—no pancakes visible
p 4 It by the Polarstem 18 Gate 2~ Figure 30 Ship following refrozen lead on 20 October

e : )




2050 kours 23 October 1989 (day 296)
62°53.08'S,07° 11300 W 0712 kours
Heading 346.
$: 3. vasibilnty poor. 70% ion. Hardest sce scen m the last two days. Iee 15 40-Sucm 58%3280°5.13° 1665 W Hon
with 5-10 cm snow. Heading 325.

50% concentration. All broken up flocs in the semaining area are
21 October 1989 (day 294) from 20-100 cm. Dark algal bands in most ice.
1005 hours 0727 kours
620644 S, 08° 56.36' W More surface algac. Ice rotten at snowfice intesface and 15 very o
Heading 330. 56
70% concentration Folowng Iasge leads. 5% pancakes i leads. Thick ice is S0-100cm with 10- r\ ’
30 em snow. '
2013 Lours

61°2635'S,10° 1272’ W

Heading 345. f !
85%¢ Leadshave app 1y 1 em frazsl—no pancakes. Ice 1s between 20-30cm nae
with 5 cm snow

22 October 1989 (day 295)
0820 hours

6 4730°S,11°32 15'W

Heading 340.

Vastbility pout berause v siuw N photus fue is between 30 0m to Lmowith 30 um of snow. A ot
vl brown wolur thivugh at least the botum hatf uf (e see Un sume ice there is a ulear layer of ice
below the algal layer

1330 hours
60°2285'S,11°3884'W

Heading 392
Y5 wconcenivativn Suilawe algal concentidivnsien lueis between 70-1000m with 20emof snow

Figutre 32 Getting dose toace edge on 24 Ovober Th e $.F
&1 & 8 7 2
pancake ice in between < s
. e

£s

1714 hours

s
58°0962'S, 15°2878' W i
Heading 283 . oa
Vie voncentiation Iee im broken pieces: Bands of we follow e wkj /@fi

O
24 October 1989 (day 297 ¢ ;

1030 hours

58°0473'S,22°5742'W 3
Heading 267 5 P
5% concentration

1056 hours

Figure 31 Algal laver at snownice interface on 22 October Too many bergs to count (more than 200) e

10




200n. Hardest ice seen in the last two days. Iee is 40-50 cm

4

1
r!\ 5% pancakes inleads Thick ice 1s 50-100 cm with 10-
H

'mmly 1 em frazil—no pancakes. [ce 1sbetween 20-30cm

45 it between 50 umto I m with 30 cmof snow A lot
- the e O sumie e there i g ddeat fayer of 1w

Lution seent Tee is between 70-100cm with 20cmof snow.

wion e interface on 22 October

-

;"N

23 October 1989 (day 296)

0712 hours

58°32.80'S, 13° 16.65' W

Headng 325.

50% concentration. All broken up floes in the remaining area are pancake ice. Range of thickness
from 20-100 cm Dark algal bands in most ice.

0727 hours

More surface algae. Ice rotten at snow/fice mterface and is very dark.

Figue 32 Getting cluse tu 1ce edge un 23 Ouvber Fives are broken up into smalles preces with
pancake 1ce in between

1714 hours

58°09.62'S,15°2878' W

Headmng 283

3% concentration Ice 1n broken preces Bands of e following surtace waves
24 October 1989 (day 297)

1030 hours

58°0473'5,22°57 2 W

Heading 267 5

5% concentration

1056 hours

Too many bergs to count (mnore than 200)
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Figure 35 Brecciated area on 24 October
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Figure 36 Iceber g near 1ce edge on 24 Qctober
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1733 ho urs

~870305'S,25°0966' W
Open water

Figure 37 Pancakes at ice edge on 24 October

Figure 38 Ice edge, 24 October

25 October 1989 (day 298)
0816 hours
58°4100°'S,324023' W
Heading 2579

One iceberg, 0% ice concentration

0839 hours

One very large, tabular weberg—10 km long and 30-35 m high

1718 hours

59°1093 §,37° 1298 W
Heading 258 3
No bergs No tce

26 October 1989 (day 299) 1210 hours

59°1086'S,44°3745° W
Heading 2509
Noce

27 October 1989 (day 300) 0822 hours

60°3030'S,54°0093' W
Heading 289
Noce No bergs




SOVIET ICE MAPS

The toflowing section, provided by the Soviet e scientists, is a continuous miap of the 1ce conditions encountered duiing the cruise A fegend] nes
dehintng the symbots 1s provided 4s a toldout at the end of the section Symbols define ice voncentiation, ice thickness charactenistics and ot
developmental stage of ice growth l’\!ag

Legend on page 45, e o

Figuie 39 Feduiov s ship iack The solid line represents the uack of the Fedorov CTD asts sturted wt 56 'S 37 W, and we stuppedd tahing duta wt 5 3,
Eachdotrepresents a CID cast and i most cases an we station five
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4 ng section, provided by the Soviet ice scientists, 15 4 continuous map of the 1ce conditions encountered durning the cruise A legend
ymbols 1s provided as a foldout at the end of the section Symbols define ice concentration, ice thickness charactenstics and
| \tage of ice growth

hge 45,

Qo hep oack The solid lie represents the track of the Fedotov CTD casts started ut 565 37" W, and we stopped taking data ut 58°5 14W
1y @ CTD cast and inmast cases an ice station
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Note Armrows on ship track show
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Figure 45 22 September we map
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Note scale change Each square 15 equal to 30" latude and 1° longitude
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Figure 54 1 October 1ce map




Zach square 1s equat to 30" latitude and 1° longutude
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Note scale change: Each square 1s equal to 30" Jatitude and 2° longitude.
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Figure 58 S October 1w ¢ map




Note scale ehnnge: 13 the kft section each squase is eqial 10 2° longitude:
i the right section exch square is eqeal 10 1° loagsinde.
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Frzure 66 24 October ice map
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ICE STATION MAPS

Lezend on paze99.
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Figure 7' 19 September, ice station 15
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Figurc 74 2] September ice station 18
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JEJIOBASL OBCTAHOBKA

Oxeanorpatuueckan cramiws v 19 jata’ u _cenyagea 1989
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Figure 75 21 September, 1ce station 19
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Figure 76 22 Septembet , 1ce station 20
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Figure /9 24 September, tce station 23
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JIEN0BAA OBCTAHOBKA

Oneatorpad;ugcran cramma 24 nata: 95 cedravps 1989

KOODAMHATH Hauana KOODIIMHATH KoRHA
P =68°00" s Y =67"59"2 5
N =197 57w AR 3w

BpeMA pauana =o35" BpeMA  KoOHMA =07 1™

gy 02535 < oMt 08

Figure 80. 25 September, ice station 24,
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JENOBASI OBCTAHOBHA

Oxeartorpatuueckan cramuma N* 23 natac 25 cenvases 1989
KOODIWMHATH HAuana HOODIMHATH KOHHA
P 267507 8 WP = 677500 ¢
N =18 466 w A EIE 45 5w
BpeMA payana = (0" BpEMA  HOMUA = 15°25™
a1 150" our 1625™

Figure 81,25 September, ice station 25.
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JIEROBASt OBCTAHOBKA
Oxeaorpaduvecyan crautsa 1* 26 nata: 96 cenwiagps 1989
KOODRMHATH Hauaia HOODSMHATH KOHDA
P =6740%s Y= 67U s
N =17 367w A= 07t 32w
Bpeus wauata = 03"20™ BpeMst  Koiua = o8 30"
(T 0uv20™ &Mr 0g* 30

Figure 82. 26 September, ice station 26.
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JIENOBAE OBCTAHOBKA

Oxeanorpaduueckan cramus ¥ 27 nata: 2¢ genrsapa 1989
HOODJMHATH Hauana KOODIMHATH KOHHA
1 Ayt
Y =67 3055 V=67 2885
]
N =le’ 18w A=1E 15 6w
BpeMs nawana = 17* 45" BpeMa  KoHua = % 07" :
GMT 1845 omT 2007
Figure 83, 26 September, ice station 27. i
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JIENOBAi OBCTAHOBKA

OKOHHOI‘D&MNGCK\’H{ CTAHIUA Nt 28
HOOpAUHATH Hauanla
Y =674

nara: 21 cedrasps 1989
HKOODHRMHATH KOHla

Y =67"180¢

N =15° 020w A= 3w
BpeMA nawana = Q3oo™ ppeMs  KOHUA = og*37™
emr 04oo™ our 09" 37

Figure 84, 27 September, ice station 28.
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JIENOBARl OBCTAHOBHA

Okeaorpabuueckan cramua ¢ 29 nata: 21 censanpa 1989
KOOPAWHATH Hauana KOODJIMHATH XOWIA
P =675 5 Y o=e7709s 5
N =15 Stow A =15 350w
BpEMA nauana = 14*go™ BpemAl Koflta = 15" 45"
auT 15°00" oMT 16" 43™

Figure 85.27 September, ice station 29.
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JIEAOBARE OBCTAHOBKA

¥
Oxeanorpaduueckas cranumn Nt 30 NaTas .28 cencans. 1989
f KOODRUHATH Hauana KOOUJMHATH KoHNA
| Y =67°02s5 5 P =670235
N =12v 45T N =124 W
BpeMT Hauava = 20"4o™ BpEMA  KOHMA = 00*54™
our 21hgo™ emMr 01" 5y
Figure 86.27-28 September, ice station 30.
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JIENIOBARR OBCTAHOBKA

Oxeasorpabuueckasn cramms r: S Jara: 28 cenmasra 1989

KOODAMHATH Hauana KOODJIMHATH KOHUA
Y =66"52" Y= 662y ¢
N=1'280 w AN=1 260w
speMt pauasa = 08415" ppeMt  toutia = 0% &5
o oot M7t ase

Figure 87.28 September, ice station 31.
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JIELOBASL OBCTAHOBKA

Oxeastorpaduueckan cramuus nt 32 NaTal 28 comraes 1989
KOODHUHATH Hauasia ROOD/IMHATH KOHUA
VAT TR P ox6edg'ss
N =01 e w A =0 Wew
BpeMi pauama =3t30" BpeMA  KoHuA =153
OMT 14° 307 ot 1853

Figure 88,28 September, ice station 32,
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JIEROBAHE OBCTAHOBKA

Ogeanorpaduuacran cramua w: 33 saral 23 _centmps 1989
KOOPRMRATH navana KOODJMHATH KOHHS

P =66t S1ie s N AR TR

N =007 067w A =090l w

BpeMA navana = votou” speMa  Korua = 040"
6MT o1*00™ GMT 02" o™

Figure 89:29 Scptember, ice station 33.
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JIEJIOBAR OBCTAHOBKA

Oxeanorpaduueckan cramms v M narar 29 cenrsgrg
ROOPRWHATH Hauaa KeopnuuaTH Kopva

P =662l Y= 66w s

N =07 uptrw A =0l de s W

BpeMA Hauana =io-90™ BpeMA  KoHua = I4"30™
GMT 10" 00™ ot 14t 50"

Figure 90, 29 September, ice station 34,
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JIBJIOBAR OBCTAHOBKA
OKEANOTPABHUSCHAR CTARIMA ¢ 0D natal 29 cenrapea 1989
KOODIMHATH Hauana KOODIMBATH KONl
P 266105 W 6610°5 s
r £
N =06 Wy w A =064y w
BDEMH Hawana = ig"50"" BpeMst  KOHUA = 20 (0™
GMT 18°50™ cur 20 0o

Figure 91, 29 September, ice station 35.




JIEROBAR OBCTAHOBKA

OxeaHorpabuueckan cramuun Nt 36 natal 30 _centsea 1989

HOODAVHATH Hauala KOODIURATH XOoRUA
¥ =66"02%s VY o=ee 00 s
N =05 3w A =65 ow

BDeMS Hauana =03‘%"
omr 3N zom

EpeMA  KOHUA = 07°50™
emr 01" so™
Figure 92. 30 September, ice station 36.
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JIEROBAS1 OBCTAHOBKA
Oreanorpaduveckan ctammn w38 para: R conrssrs 1989
KOOPAWHATH Hauana KOODJUHATH HOHIIA

P =65"li'2'c; WP =65l

N =08 2w A =03 15lsw
BpeMA wavuana =i5°40" Bpena  Komua = 22°50™

[ ST GMT 224 50"

Figure 93. 30 September, ice station 38.
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JIENIOBAAl OBCTAHOBHA

Oxeanorpaduueckan cramma v¢ 39 nata: I osrasps 1989

KOOPAMHATH Hauana KOODJHHATH HOHIIA
Y 657322 Y =65°31 35
A =00 07'ow A =005 w
BpeMA Hawana =04* 20 BpeMA  Komwa = 05%45™
omT 04*20™ our 054 5"

Figure 94. I October, ice station 39,
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JIENOBAST OBCTAHOBKA

Oxeanorpadnueckan cramus v 40 nara: 1 orrawes 1989
KOODIMHATH Hauana KOODHWHATH HOHDA
»v 2e 37y ¢
P =65"21a s Y= 6500058
N =01° 00\7 w A=00"55"2 w
BpeMa nauana = Hhis”

BpeMi  KoHua = M 307
GMT 15" GMT 14* 30"

Figure 95. I October, ice station 40.
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JIEACBAS] OBCTAHOBKA

Oxeanorpaduueckan crautma N: 45 nara: 2 okrases . 1989

KOOpRUHATH Hauvala KOODRUHATH KOHUA
Y o=6g°58's s R
N =02459'7¢ A =05CCse

BDEMA Hauana = 08" 35" Bpema  KoHUA = N*20™
GHT 08" 35" oMT 1™

Figure 96.2 QOctober, ice station 43.
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JIEROBAR OBCTAHOBKA

Oxeanorpaduueckas craguua vt 4 Jlarar 2 ouxases 1989

KOODRMHATH Hawaa KoopJutiiaTH Koula
¥ =052y s o= 65720 5
N =02“10"s € AN=02'I o€
BpEMA Havana = 16*10™ BpemMa  KoHua = 17730

GMT J610" GHT 17" oo™

Figure 97,2 October, ice station 44,
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JEROBAA CBCTAHOBKA
Oxreanorpabuueckan cramma Nt 45 nata: 2 ogeanes 1989
KOOPIMHATH Hauana KOODIWHATH KOHNA
Y =65 425 Y65t s
N =01 Tt A0 4T e
BpeMA  pauana =210 BpeMa  KoHua = 22"50™
omt 2t 0™ GuT 22450

Figure 98,2 October, ice station 45,
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JIEHOBAR OBCTAHOBEA

Okeaorpabuueckan cramps 46 navar 3 m:g_ 1989
KOOpAMHATH Hauana KOODAMHATH KORUA
P =G6%3 o @ =(C028 8
.t ’ . Tt
N=0O ALY E A=0p 7 C

.l ok
BpeMA Ravana = 0345 ppeMit  Koutta = 5 ,:35 .
GlaTo3tas™ CHMTOS*35™

Figure 99, 3 October, ice station 46.
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JIEAIOBAST OBCTAHOBKA

Oxeanorpadudeckan cramus MY a faTal 3 okraues 1989
KOOpAMAATH Hauasa KOODHUMATH KOHNA
P =66 205 s WY o=66"20' 5
N =00 267w A =00 22" w
BpeMA  Hauana = 13" ppeMsi  KoHua =i5%55"
GMT 1T " GMT 15455

Figure 100. 3 October, ice station 47.
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JIEJOBAL OBCTAHOBHA

Oxeanorpaduueckan cramms v 48 narar 3 orispa_ 1089
KOOPAMHATH Hauana KOODHMBATH KOWUA
P =664 s R YANC AR
N=ol iy w AN=of 13w
BpeMA mayana =22 3" BpeMA  KOHWA =23"40™
Gt 2258 CHT 93" 40"

Figure 101. 5 October, ice station 48.
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JEJOBASL OBCTAHOBKA
Oxeanorpabuueckas cranuus 49

KOOpiunaTH fauvaia HOODIVHATH KOoHha
P =66" 5853 W o=66 585 8
N =0f Sliow A =01" 53 g w
BDEMA Hauana =03°55"™ Bpema  KoHua = 04°50™
CMT (3hsgm CMP 04*s50™

Figure 102.4 October, ice station 49.
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JIEJIOBAA OBCTAHOBHA

Oreatorpaduuecras cratiius »° 54 RATRY A oxragea 1989
KOODAMHATH Hauasa KOODHMHS T HORNA
Y =660 s s Wz Gl s
N =0 5T aw A =057 2w
BpeMA payana =ic"co™ BpeMA  Honua = IPVH™
oMF e " L it

Figure 103.4 October, ice station 53,
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JIEJIOBARL OBCTAHOBKA
Oreanorpaduuecian cramun v 92
KOODRUHATH Hauana roopuNATH
P 265720 5
N =02 00inw
BpeMa Hauana =925"30™
GMT 25°30"

Figure 104,45 October, ice station 52,

W= 65729 s

A =0l 57 6w
speMa  KoHua =04°05

naas 45 oprmsps . 1989
KOHHA

i

GhT o4 os™




0
L

i50 300 WM
3 60 % IE | | ]

JIEJOBAA OBCTAROBKA

Oxeanorpabuueckan ceamps N 95 nava: 5_ oxtanps_ 1989

KOOPRUHATH Hauaga KOODJWMHATH KOHDA
v X t
P =656y ¢ WY o=65"17 ¢
£
N =00°0f 0w A =09 00'5 w
BOeMS Rauana =06%4s"™ ppeMs  Komma = (8" 12"
GMT o€ us™ GHT Q8" 12™

Figure 105. 5 October, ice station 53,
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JIEAOBAR OBCTAHOBKA

Oxeanorpaduueckas cramma ¢ naras 5 oxmeps 1989

KOOpAUHATH Hauata KOODMMRATH KORUA
P =G4 5% g P =047 59'5 g
N =01° 58l gw A =01° 583w
BpeMA pauana = 10" 50" BpeMA  KOHHA = (348"
OMT 10"50™ GMT 13" 48™

Figure 106.5 October, ice station 54.
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JEROBASi OBCTAHOBKA

OxeaHorpadWueckan cramn n* 35 hata: € _okrasps_ 1989
KOOPRMHATH hadana KOODJMHATH Konla
P =656 s 5 W ase .
N=09 27w A0 e w
ppemMs Hauata =01 40" ppess womer = 03" 2™
orT 0140 GHr 03 20

Figure 107, 6 October, ice station §5.
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JIE[0BAE OBCTAHOBKA

OKeaHorp'admuecxau cramun &% b nara: 6 ourasps 1989

KOODJMHATH Hauana KOODRMHATH KOHiIa
P =65"390r¢ P =65739's
: F
N =02°105 w A =02i0 8w

BpeMA nauana = g5-47m ppema  xouua = 07-24™

GMT 05" 477 GMT 074"

Figure 108. 6 October, ice station 56.
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JEROBART OBCTAHOBKA

Oxeatorpaduueckan cTAHIMA N 57

Jara: 6 oxrgopa 1989
HOODAMHATH HaUaNa

HOODAMHATH HOHRA

P 2657437 5 W= Eited s

N=0r 4w A= Ord6 2w
spems pavana =" 43" ppems  Kouna = it g2”
GMT 10" 42" GdT N9

Figure 109. 6 October, ice station 57
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JIEAOBAL OBCTAHOBKA

Oxeanorpadbuueckan cramumn noaurou ¥ { para: 6:7 oxTseps 1989
KOODAMHATH Hauana ¥OODJMHATH KOHIA
Y =65°45.5 % Y =5 520 ¢
N =01 45%ew A =01 5o w
BpeMA navana =2t 15" Bpemst  Koliua =081‘55”’
ant 12t 5™ GuT 8% 95"

Figure 110. 6-7 October, mesopolygon 1.
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JNEJNOBAR OBCTAHOBKA

Oxeanorpaduneckan crammn /7o400m & pata: Hs oxaves

KOODRUHATH Hauana KOODHUHATH KOHMA
Y 265°520s Y =05 9565
N =01 5l s w A =04°08 5w
BpeMA pauana =057 BpeMi  KOHMA = 14408
o5 o8

Figure 111.7-18 October, mesopolygon 2.
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JIENOBAR OBCTAHOBKA

Oxeanorpaduueckan crauws w6 nara: B onrases 1989
Koopiuparyy avana KOODHUIIATH Korha
P =65° 20 =650 250
N =02 077w A =021 5w
BpeMA pavana = 250" npemit  kouna = 009"
Mt 230" I 009"

Figure 112, 18-19 October, ice station 116,
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JIENOBAR OBCTAHOBKA

Oxeanorpadnueckan cramma v: {7

KOODIMHATH Hauaia
P =647 5788
N =02" 572w .
BpeMA  Havana =07 4™
Mr 0734

navac 19 cxigses 1989
KOODJMHATH KOHUA

o= 658 s

A 202750 1w

ppema kouua =08°52™
GMr 08* 50"

Figure 113, 19 October, ice station 117,
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JIEROBAA OBCTAHOBKA
Oxeafiorpaduveckasn crauuna vt /8 narar 19 onrusen . 1989

KOOPRMHATH HAuana KOODAMRATH KOKUA
Y oG Yy g Peoq 3y g
N =098 3w A =05 44l w
BpEMA Hayana =" 38" Bpema  konua = J7"50"
ur 195" et (750"

Figure 114. 19 October, 1ce station 118,




450 1
AR ‘XI ‘ ]. ]

L

\/// Cota Sonontrena Lcrons3oba

rucht cyeofon AL ¢ noeclemeste
T pgpomc e mopote.

JELOBAA OBCTAHOBKA
Okeanorpadiueckan cramun & 19 javar 19 oursens 1989

Koopnugati navana KOODJMHATH KOMIA
P =6 10y Y6 thoy
N =04° 388 ¢ A 20U B0 w
BpeMA pavata = 245" ppemt Konua = 224 45™
ur 25" our 22845

Figure 115, 19 October, ice station 119.
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JIENOBARL OBCTAHOBHA

Oreasorpaditeckan crammn w120 nata: 20 oerases 1989
KOOPAVHATH Hauana KOOPAUKATH KOHIA
P =63 5005 g W= 65493 s
N =08° 2701 v A=05°%6" s w
BpeMA navana = 420" ppout onta = 07%56™
eur gut20™ w1 0756

Figure 116, 20 October, ice station 120.
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JIEAOBAR OBCTAHOBKA

Oxeatorpaduueckan crautma Nt 21 natal 20, owrsers
KOODHUHATH Hauana KOODAMHATH KoRl'a
P 265025 W=6257s s
N=07°0%7 w A =06 5215 w
BDEMA mnavana = 16700 BpeMa  Konna = 18°50™
GHT 16’ 00™ GHT 18%50™

Figure 117,20 October, ice station 121,
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JEROBAA OBCTAHGASKA

Oxeasorpaduseckas cramua Nt 122 naras 20 geraera... 1989
HOOPRUHATH HauAra KOODRUMATH KORUA
P =62 19" 5 P = 62185 s
N =08920 3w A =08°30'0w
BpeMH Jauata = 0eM2® Bpesn  Komta = 0844s™
Gur 0™ oM 0848

Figure 118.21 October, ice station 122.




JIBR0BAR OBCTAHOBKA

Oxeanorpabuveckan cramma ¢ 13 nara: 2 oxrases 1989
KOOpHUHATH Hauana KOODIMHATH KOHMA
P =615 s P o= 61 s
N ={0°00. 8w A =05°58" sw
BpEMA Rayana ={5"4s" BpeMA  HOHUA = PO5™
uF 15445 our 13o5™

Figure 119.21 October, ice station 123.
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JIBAOBAA OBCTABOBKA

Oxeaxorpadiueckast cramma vt 144

natar 22 quraees _ 1989

KOOpAUHATH Hauana KOODRUHATHR Xohua
. P )
Y 260" 83l Y= 60"55.0 5
N=(F 25% w A=Ir 2% w

BpeMs pavana =025

BpEMA KOHMa = 05°39™
eMF 024 15™

cMr 05h 39"
Figure 120,22 October, ice station 124.
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JIEJIOBAL OBCTAHOBKA
Oreanorpaduveckan crampn vt 125 nata: 22 cergen _ 1989
HOOPAMHATH Hauana KOODJMHATH KOHIIA
P =595 WY =59"50 8
N =1F 55w A= 586w
Bpewt mawana = 17410 Bpes  Konua = 21°06™
17t o™ cur 21°06™

Figure 121.22 October, ice station 125,
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SATELLITE PHOTOGRAPHS

Figure 122, 14 September satellite photo, 43°31'S 47°37W.
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Figure 122, 14 September satellite photo, 43°31'S 47°37W,
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Figure 123, 1S September saiellite photo,48°30'S 42°59W.
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Figure 124, 16 September satellite photo, 53°59'S 39°54W.,
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Figure 125, 17 September satellite photo, 57°19'S 37°24W.
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Figurs 126. 18 September satellite photo, 59°06'S 35°S52'W.
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Figure 127. 19 September satellite photo, 60°59'S 33°36'W,
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Figure 128,20 September satellite photo, 62°09'S 31°27W.
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Figure 129,21 September satellite photo, 63°36'S 28°40W.




B < s g kS < ot W

Figure 130,22 September satellite photo, 65°09°'S 25°51W.
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Figure 131,23 September satellite photo, 66°19'S 23°22'W.
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Figure 132, 24 September satellite photo, 67°22'S 21°I19W.,
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Figure 133.25 September satellite photo, 67° 525 18°47W.
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Figure 134.26 September satellite photo, 67°34'S 16°30W.

n3

Z6. b} »

=¢F3y'S

5 =18230'W

T =18y’
T:, = -f;‘_z..
WV E19:0 e
Vil = 225°°
ae
cx'fop'r‘: oz}.

CREE , mEiTak [~

«

e bt




Y.

RS
Keod f 'k &
7 3

AR
z-77"°
aF XL 1fa.
v =10t

at

Figure 135, 27 September satellite photo, 67°30°'S 13°51W,

114

S




Figure 136. 28 September satellite photo, 66°52'S 10°40'W.
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Figure 137, 29 September satellite photo, 66°20°'S 7°47W.
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Figure 138,30 September satellite photo, 65°52'S 4°21W.
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Fugure 139, I October satellite photo, 65°21°S 0°58'W.
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Figure 140, 2 October satellite photo, 65°00'S 3°00°E.
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Figure 141, 3 October satellite photo, 66°21'S 0°25W.
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Figure 142, 4 October satellite photo, 66°07'S 2°02'W.
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Figure 143. 5 October satellite photo, 64°59'S 1°58'W.
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Figure 144. 6 October sateliite photo, 659 44'S 1°51'W.
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Figure 145.7 October satellite photo, 65°52'S 1°527.




Figure 146.8 October satellite photo, 66°04'S 1°57W.
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Figure 147. 9 October satellite photo, 66°01I'S 2°32W.
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Figure 148. 10 October satellite photo, 66° 11'S 2°50W.
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Figure 149. 11 October satellie photo, 66° 17'8 3°05W,
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Figure 150. 12 October satelinte photo, 66° 14'S 3°571.
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Figure 151 13 October satellite photo, 66°05°S 4° I12'W.
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Figure 152, 14 October satellite photo, 65°56'S 4° 14W
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Figure 153. 15 October satellite photo, 65°48'S 4°20W.
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Figure 154 16 October satellite photo, 65°37°S 4° 19W.
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Figure 155, 17 October satellite photo, 65°23'S 4°09'W.




Figure 156, 18 October satellite photo, 65°22'S 4°07V,
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Figure 157, 19 October satellite phoio, 64°48S 3°00W.
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Figure 158.20 October satellite photo, 63°49'S $°28W,
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Figure 159,21 October satellite Photo,62°19'S 8°30W.
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Figure 161. 23 October satellite photo,58° 12'S 13°56W.
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Fugure 162, 24 October satellite photo, 58°06'S 22°36W.
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Figure 163. 25 October satellite photo, 58°49'S 33°57W.
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Figure 164.26 October satellite photo, 59°16'S 44°04W.
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Figure 165. 27 October satellite photo, 60°23
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WEEKLY ICE EXTENT MAPS
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Figure 166. 3 to 9 August 1989 ice extent.
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Fugure 167. 10 1o 16 August 1989 ice extent.
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Figure 169. 31 August to 6 September 1989 ice extent.
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Figure 170.7 to 13 September 1989 ice extent
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Figure 172,21 to 27 September 1989 ice extent.
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Figure 173, 28 September to 11 October 1989 ice extent




Y P vy g

A
ERN ICE LiMIT 12 OCT RG

HAVY - HOAA JORIT ICE CERTER ~

MAYAL POUAR OCLAMOCSAPHY CLETER, SLIABD
€= R s turmariean 9 e e s e .
G G ™ oo o et W, It Pt 3, It s .
S ]

I

BHU R

Figure 174. 12 1o 18 October 1989 ice extent
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Figure 175. 19 10 25 October 1989 ice extent
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Figure 176. 26 October to I November 1989 ice extent.
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Figure 177.2 10 8 November 1989 ice extent.
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Figure 178.9 10 15 November 1989 ice extent.
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